Epilepsy is a central nervous system disorder for which recurrent seizures are the main symptom. Seizures resulting from epilepsy may culminate in unpredictable and sudden incapacitation, and thus are of significant concern to those interested in driver safety. Surgical therapy is one of the main treatment options for patients who do not respond to pharmacotherapy. Although approximately two thirds of individuals who undergo the most common types of surgery for epilepsy become seizure free, a significant proportion of these individuals will experience seizure recurrence. A systematic review and metaanalysis was conducted to examine the likelihood of seizure recurrence among individuals who have undergone surgery for epilepsy. Specifically, we were interested in quantifying the relationship between time since last seizure and the likelihood that a seizure will occur within the following year. Our results indicate that the longer the time that has elapsed since the occurrence of the last seizure, the lower the risk for seizure recurrence in the following year. The average annual risk for experiencing seizure recurrence among individuals who have remained seizure free for ≥8 years is less than 2% and less than 1% for those who have remained seizure free for ≥10 years. These findings have important implications for regulatory agencies with responsibility for road safety; particularly those agencies that regulate safety sensitive industries.
INTRODUCTION
Driving is a complicated psychomotor performance that depends on fine coordination between the sensory and motor systems. It is influenced by factors such as arousal, perception, learning, memory, attention, concentration, emotion, reflex speed, time estimation, auditory and visual functions, decision making and personality. Safe driving requires skills to maintain effective and reliable control of vehicles, the capacity to respond to the road, traffic, and other external clues, and the ability to follow the "rules of the road". Many health conditions, including epilepsy, have the potential to impair perception, cognition (including alertness, attitude to risk, and recall) and/or motor function and, as a result, can make driving less safe.
Epilepsy is a central nervous system disorder characterized by recurrent involuntary seizures resulting from excessive hypersynchronous discharges of neurons in the brain. Epilepsy is not a distinct disease; rather, it is a group of disorders for which recurrent seizures are the main symptom. Seizures resulting from epilepsy may culminate in unpredictable and sudden incapacitation, and thus are of significant concern to those interested in driver safety as they have the potential to result in crash, injury, and death.
The typical treatment option for epilepsy is pharmacotherapy with anti-epileptic drugs (AEDs). Patients who do not respond well to AED therapy, however, may be candidates for surgical therapy, such as anterior temporal lobectomy and extra-temporal resection. The goal of epilepsy surgery is either to define and resect an area of epileptogenesis or disrupt the spread of seizure activity in order to reduce the likelihood of seizures or prevent certain seizure types. Although approximately two thirds of individuals who undergo the most common types of surgery for epilepsy become seizure free, a significant proportion of these individuals will experience seizure recurrence. Several studies have noted that the likelihood of an individual experiencing seizure recurrence following surgery decreases as a function of increasing time since last seizure (Folvary et al., 2000; Kim et al., 2005; Radhakrishnan et al., 1998; Salanova, Markand, & Worth, 1999; So et al., 1997; Spencer et al., 2005) . In other words, an individual who has been seizure free for five years is less likely to experience seizure recurrence in the near future than an individual who has only been seizure free for one year. The purpose of this systematic review was to attempt to utilize published time-to-event data to quantify the relationship between time since last seizure and the likelihood that a seizure will occur within the following year in individuals who have been successfully treated with surgery.
METHODS
In order to address our objectives, a systematic review of the literature was conducted utilizing the methodology described elsewhere. (Treadwell et al., 2006) . In brief, we synthesized the available data from published studies that examined the relationship between seizure recurrence likelihood and the time since last seizure among individuals who have undergone surgery and are apparently seizure free. Formal a priori criteria for article retrieval and inclusion consisted of: 1) English language publications, 2) full-length articles, 3) enrolled ≥ 10 subjects, 4) 80% of subjects must be ≥ 18 years, 5) article may be prospective or retrospective with consecutive enrollment, 6) must have reported on time since last seizure, 7) minimum follow-up time must have been one year, 8) Studies of individuals on AEDs following surgery were eligible. Case reports and series of carefully selected patients chosen to demonstrate a particular point were excluded.
Sensitive search strategies, developed and refined by an information specialist, were applied to six electronic databases (Medline, PubMed (pre Medline), EMBASE, CINAHL, TRIS, and the Cochrane library). Additional hand searches of the published literature (i.e., bibliographies of identified relevant articles) and "gray literature" resources (e.g., Web searches) were also performed. The quality of all included studies was determined using the ECRI Quality Scale X, which was designed specifically for the assessment of the validity of time-to-event studies.
Time-to-event (survival) data were pooled using non-linear regression techniques. We determined the function that best fit data extracted from each included study by fitting mathematical models based on several plausible probability distributions (exponential, Weibull, etc). We then tested the goodness of fit of the resulting survival functions to the available data and chose the model that best described these data. Relevant parameters that described each resulting mathematical function (and their 95 percent confidence intervals) were then pooled as described above.
RESULTS
Our searches identified a total of 227 articles that appeared relevant to the purpose of this study. Following application of the retrieval criteria, 35 full-length articles retrieved and read in full. Of these articles, 12 were found to meet our inclusion criteria.
All twelve studies that met our inclusion criteria were case series in which data on seizure status, recorded over a period of several years, was analyzed using typical survival analysis techniques. Data on seizure status was usually drawn retrospectively from medical records (only one study was prospective). Sometimes this information was supplemented by telephone interviews of the patient or a close family member. All of the included studies were designed to assess the longterm effectiveness and safety of surgery for medically intractable localized epilepsy. The majority of included studies examined the long-term effectiveness of temporal lobectomy; three included studies evaluated the effectiveness of other surgical procedures in addition to temporal lobectomy (Rougier et al., 1992; Spencer et al., 2005; Yoon et al., 2003) . Other procedures assessed by these studies included frontal, occipital, and parietal lobectomies. As a consequence, the findings of our analysis are generalizable only to individuals who become seizure free following one of these procedures. Our assessment of the quality of the studies that comprise the present evidence base found that the overall quality of the included studies was low (Median Quality Score=6.25; Quality=Low). Aside from poor reporting which made evaluation of study quality difficult in many cases, the primary reasons for the low quality scores was due to the fact that all studies were case-series (single arm observational studies), and that data was collected retrospectively in 11 of the 12 studies.
Data on the cumulative probability for seizure recurrence extracted from the 12 included studies are presented in Table 1. A summary time-to-event (survival) function was determined from the data extracted from the 12 included studies using curve fitting software. Several probability distributions were examined including exponential, Weibull, and log-normal distributions. Time-to-event data from each study were well fit using a non-linear regression model in which the underlying probability distribution was exponential.
The hazard function for a survival curve with an exponential probability distribution is described by a single constant, the hazard rate (λ). Table 2 presents our calculated hazard function estimates and 95% confidence intervals. A hazard rate could not be determined for one of the 12 studies because too few data points were available for a curve to be reliably fitted.
The hazard rate data from the 11 remaining studies were found to be heterogeneous ((Q=137.27, P<0.0001; I 2 =92.72). This heterogeneity could not be explained using maximum-likelihood meta-regression. Because of the observed heterogeneity, we pooled the hazard rate data from the individual studies using a random-effects model which incorporated the between studies variance into the summary estimate of the hazard rate and its confidence intervals (Figure 1) . The randomeffects summary hazard rate was found to be 0.39 (95 percent CI: 0.26 to 0.53). The summary hazard rate and its 95 percent confidence intervals were used to construct a summary time-to-event curve which in turn was used to determine a conservative estimate of the likelihood that a surgically treated individual will experience seizure recurrence within the following year given that they have been seizure free for a specified period of time ( Figure 2 ).
According to guidelines from Austroads, an annual seizure risk of 20 percent-50 percent for private license holders and 1 percent-2 percent for commercial drivers are considered acceptable risk levels for allowing an individual to drive. Consequently, we used the summary survival curve constructed above to determine a conservative estimate of the likelihood that a surgically treated individual will experience seizure recurrence within the following year given that they have been seizure free for a specified period of time. The findings of our model suggest that individuals who have been seizure free following surgery for at least 1 year have an annual risk for seizure recurrence of ≤20 percent, individuals who have been seizure free for at least 8 years have an annual risk for seizure recurrence of ≤2 percent, and individuals who have been seizure free for at least 10 years have an annual risk for seizure recurrence of ≤1 percent. 
DISCUSSION
According to the results of our analyses, the longer the time that has elapsed since the occurrence of the last seizure in an individual who has undergone surgery for focal epilepsy (primarily temporal lobectomy), the lower the risk for seizures in the following year. The findings of our model suggest that the average annual risk for experiencing seizure recurrence among individuals who have remained seizure free for ≥1 year is less than 20 percent, ≥8 years is less than 2 percent, and ≥10 years less than 1 percent. These findings have important implications for regulatory agencies with responsibility for road safety; particularly those agencies that regulate safety sensitive industries. For example, if one were to accept the guidance from Austroads, one would disqualify individuals who have undergone surgery for refractory epilepsy from driving until they have been seizure free for a period of at least 1 year. Likewise, one would disqualify such individuals from driving a commercial vehicle until they have been seizure free for at least 8 years.
